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Abstract (PD)
The purpose of design team 08’s senior design project is to create and implement a workout
device that will be able to calculate the caloric expenditure, repetitions, and length of a workout.
Once the duration of a workout is completed, the user metrics will be communicated from the
kettlebell system to a user application via Bluetooth. The caloric expenditure will be used using
the data that is provided from the accelerometer. The duration of the workout will be controlled
using a push button that is connected to the kettlebell system that will allow for the start and stop
of a workout. A repetition will be calculated using the accelerometer in which a count will occur
once a threshold acceleration is reached. In addition to the features stated above, the system will
be recharged wirelessly through inductive charging. Overall, this product will be quite useful for
its user as it will be able to keep track of workout metrics and accurately measure the caloric
expenditure throughout the duration of a workout.
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3. Problem Statement
3.1 Need
A study conducted at Stanford University evaluated the accuracy of most frequently used
wearables. The study indicated that the Apple Watch has an average error of 30% in its calorie
estimations. Weight loss programs that include calorie counting averaged 7 pounds of weight
loss more than those who didn’t. Smart weight equipment with more accurate forms of calorie
tracking will lead to better weight loss.
3.2 Objective
Smarter workout equipment is needed to better track your calorie loss. Kettle bells are a
popular workout equipment that can be used for a full body workout at both the gym and home.
Using a smart app and a kettle bell with adjustable weight, the user can track their calories lost
more accurately than before.
3.3 Background
The kettlebell is a versatile workout equipment that is used for a variety of compound
movements. The appeal of kettlebells is from the types of exercises that can be performed such
as cardiovascular, strength, and flexibility exercises. The kettlebell also allows the exercises to
be performed practically anywhere because of the size of the equipment. Making sure that the
calorie and repetition counts are accurate is important to tracking fitness and weight loss goals.
Using a smart app that keeps track of the number of repetitions and what exercise is being
performed, an accurate calorie count is generated. This way of tracking calories will be more
efficient than wearing a fitness tracker like an apple watch or Fitbit since the way of tracking
calories is specific to the exercise and not generalized. The use of specified exercises will allow
the user to be more aware of their calorie loss, heart rate, workout session length, and rep counts
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while making sure that the information provided is accurate and presented in an efficient
manner.
In today’s climate of limited person-to-person interaction and limited access to once
easily accessible implementations of physical activity, a need has manifested for at-home
exercise equipment and programs for individuals and families. Large scale gyms and exercise
studios invest heavily in many different types of equipment to target and work different parts of a
person’s health and fitness. Most middle-class and working families do not have the ability to
dedicate income to investing in expensive implementations or sacrifice space to such activities.
In addition, the inclusion of qualified “smart” technology into workouts and exercise has allowed
people of varying skill and knowledge to become more aware of their progress and output.
Unfortunately, these items require additional monetary investment and are not always accurate in
their readings, leading to incorrect health readings and a loss in the clarity of results of the
exercise.
Our project of a kettlebell infused with technology that is able to perform the role of both
a home gym and health tracker is how it fulfills a current need that is seen in the world. The
kettlebell alone is a highly versatile yet simple piece of gym equipment that can help prevent
injury and improve athletic performance and strength through various movements. It does this all
while not requiring a large amount of space to perform such movements, and the ability to
change resistance with heavier and lighter weighted kettlebells. Combined with technology to
track health performance, it eliminates the need of any other smart devices to track health
metrics. Our design is also planned to have an easily adjustable weight to prevent the need for
storing multiple kettlebells and instead using a single stack for easy storage and training
progression.
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Currently, the majority of kettlebell workouts are done using basic, non-adjustable
kettlebells that have no implemented smart technology to track the progress of the workout.
However, there are several models of kettlebells with an adjustable weight range, and some even
have the technological capabilities of tracking certain parameters that determine the quality of a
workout. For kettlebells without smart technology, workout progress is determined by the reps
and weight recorded by the user, while heart rate, calorie count, and steps could be recorded by a
separate smart device. Perhaps the best kettlebell on the market today is
the KettlebellConnectTM 2.0 produced by JaxJox. On top of the adjustable weight range,
the KettlebellConnectTM 2.0 has the ability to calculate a user’s fitness level based on user inputs
and inputs sensed by the device itself. It currently uses 6 motion sensors that includes a 3-axis
gyroscope and a 3-axis accelerometer. However, it does not take any biometric data from the
actual user to calculate their current outputs such as heart rate. It relies on third party devices
such as a Fitbit or Apple Watch to take in a person’s biometric data during a workout.
The concept for a "smart" kettlebell is not a new concept. There are other competing
kettlebells that have similar features. One existing kettlebell, the JaxJox, has similar features like
heart rate, rep count, and workout time duration conveniently shown in a customized app to help
deliver a seamless workout recording. The JaxJox also has custom adjustable weights that allow
you to perform more exercises without having to use another piece of equipment. Our project
will have an app that shows those same features while also adding the calorie count to better
record the calories lost compared to a traditional fitness tracker. Along with the app, the user will
be able to adjust the weight of the kettlebell easily to allow for multiple exercises.
There are currently four significant design and technology limitations that our kettlebell
has. They are as follows: cost of our equipment, the overall safety, the ergonomics, and the
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accuracy of the calorie calculation. The cost of the system, overall safety and the ergonomics are
dependent of each other. For example, if we increase the cost, the safety and ergonomics of the
system will also increase. Altogether, each will put forth a serious challenge to overcome.
The overall cost of our kettlebell is what will influence potential buyers to even consider
purchasing our product. Typically, the cost of five, entry-level kettlebells ranging from ten to
fifty pounds is around $300. Prices increase when considering more quality options. Our
kettlebell should be able to fluctuate above that $300 price point due to its physical quality and
added functionality. The quality structure and the free mobile application that reports reps, health
metrics and other data will add significant value to our product. This structure needs to be made
out of high caliber material while being cheap to make and the added functionality must be
supported by the most cost efficient microcontroller that does not affect other aspects of our
design, such as power consumption and housing.
When a customer purchases our kettlebell, safety is going to be their number one
concern. Our design must ensure that no matter the situation the user puts the kettlebell in, the
user is never put in harm’s way. A major design consideration must be made about the kettlebell
housing; the most likely candidate to cause harm to the user. The material used to house the
weights and circuitry must be durable and resistant to drops of up to ten feet. The mechanism to
change and hold the varying amount of weight must also be resistant to these drops in addition to
holding the weight securely under any rotational or lateral forces it may encounter while in use.
When our kettlebell is in use, its ergonomics are going to be what is noticed most by the user.
Our kettlebell’s materials not only need to feel good to the users touch but also feel like an actual
kettlebell. Our kettlebell’s housing needs to be smooth and not rigid to ensure user comfort no
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matter the exercise. The positioning of the circuitry and user input will need to be placed at the
top of the housing, directly below the handle.
The most technologically challenging and limited parts of our kettlebell will be the
accuracy of the calorie calculation. Exercise expenditure, measured in calories, is most
accurately estimated when V02 maxes are used, which is done with specialized equipment to
monitor oxygen levels produced when exercising. A kettlebell is not capable of such
measurements. Instead, we will have to rely on heart rate monitoring and the use of
accelerometers to calculate the calories a user will burn.
Not every exercise will have the user’s hands in a fixed position on the kettlebell,
therefore, a fingertip heart rate monitor would result in inaccurate or missing data. Because of
this, our design is limited to using heart rate measuring technologies commonly found in fitness
trackers like in the Fitbit or Apple Watch. Although these technologies claim to give accurate
energy expenditure values, it is only their heart rate values that can be trusted. According to
Jennie Dusheck, six of the seven most widely used wristband activity monitors measured heart
rate with an error of less than five percent but all seven measured energy expenditure with an
error rate of at least 27 percent (Dusheck). Using only a heart rate monitor will not be enough for
our calculation.
According to Andrew Hills, an accurate estimate of energy expenditure can be
determined through the combined use of a heart rate monitor, accelerometer, and user data such
as body composition, age, fitness level, etc. By using user input to find the user’s resting
metabolic rate, the data obtained by the heart rate monitor and energy exerted by the user,
tracked by the accelerometer, throughout the course of exercise is used to estimate energy
expenditure (8). However, this is easier said than done. The use of both heart rate monitors and
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accelerometers to accurately calculate energy expenditure is still being heavily researched. More
research is needed to suit our specific use of these devices. What type of accelerometers (uniaxial, bi-axial, tri-axial) and how many will be a major design decision and possible limitation to
the accuracy of our device.
Every product that is on the market today has another change or alteration that can make
it better and the kettlebell is no exception. Added features to the kettlebell like the heart rate
monitor, calorie counter, and rep counter allow for the workout experience to be seamless and
efficient. Current technologies allow our concept to come to life. Safety, affordability, and
ergonomics of our concept kettlebell will be the three most important factors in our design and
the addition of a calorie tracker will pique the interest of potential buyers, making it stand out
from the rest. The design and implementation of this concept has many factors to work through
but will produce a quality piece of workout equipment once completed.

3.4 Marketing Requirements
1. Device must record workout progress
2. Device must display workout results
3. Device must be wireless
4. Device must be portable
5. Device must recognize basic kettle bell routines
4. Engineering Requirements (CR)
Marketing
Req
5

1, 2

1

Engineering Req

Justification

The device will accurately measure
the movement of the kettlebell in all 3
axes.
The web app must accept a user’s
inputs such as bodyweight and age to
use for calorie calculation.

Readings in all 3 axes will give the processor
accurate movement information to track reps
and calculate calories.
Calories burned during a workout vary with
the bodyweight and age of the user. The web
app must accept and store this data for
calculation purposes.
This will trigger the device to turn on, as well

The user will be able to start/stop the
14

device recording at the start/end of a
workout.

1, 2, 3

3, 4

3

3

2

1,2
5,2

User motion data will be transmitted
wirelessly to the user’s personal smart
device.
The device will be able to operate for
at least 3 hours of active use before
needing recharged.
The batteries will recharge wirelessly
and must fully charge the system
within 3 hrs.
The kettlebell and user’s smart device
must be within 50ft of each other.

The system will display on an LCD
the following parameters: reps
completed, workout time, and battery
level
Remote application will keep
information for 7 days.
The system will be able to distinguish
between different workouts to
accurately measure caloric
expenditure.

as time the workout. Workout time will be
used as an input in calorie calculation.
Triggering device to turn on will allow it to
sleep when not in use, increasing battery
efficiency.
This will allow the user to input/view data on
their personal smart device.
3 hours will be a sufficient time for the user
to complete workout.
Wireless charging efficiency will be
improved the closer the
transmitting/receiving coils are together.
For the device to successfully be wireless, the
kettlebell and user’s smart device must be
within a specified range where
communication is uninterrupted and
sufficient.
This will enable the user to see basic workout
results during a workout without the use of
their personal smart device.
This will enable a weekly summary to be
created to show activity throughout the week.
This will enable the system to transmit
accurate caloric expenditure data to the user
application.

5. Engineering Analysis
5.1 Electronics
5.1.1 Microcontroller (PD)
The most important component that will be needed to implement a working and
functional kettlebell is the microcontroller. Microcontrollers contain many tools that will be
integral in realizing the design of the smart kettlebell. These tools include analog to digital
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converters (ADCs), digital communication via I2C and UART, timers, interrupts, a parallel
master port (PMP), a fast internal oscillator for executing code along with RAM and storage to
help execute and store this code.
For the scope of this project, a PIC24FJ256GB206T microcontroller will be used to
interface a Bluetooth module via UART, an accelerometer via I2C and an LCD via the PMP.
One of its many ADCs will also be used to monitor the current battery life percentage of the
system. The microcontroller will monitor the Bluetooth module to determine incoming requests
to start/stop a workout and to send workout data it obtained, with the help of the accelerometer,
back to the mobile application. It will then send data to display workout metrics such as workout
duration, repetitions, and battery life to the LCD. All of which will either be done in real time or
via interrupts that occur on a set timer or status register condition.
For testing purposes, the Explorer 16/32 was used to interface the Bluetooth module,
accelerometer, and Spark Fun HD44780 LCD. Despite this board using a PIC24FJ128GA010,
the only significant difference between this microcontroller and the PIC24FJ256GB206T is the
amount of flash memory. For the final implementation of the system, a printed circuit board,
PCB, will have to be fabricated to minimize the size of the embedded hardware, such that it fits
easily inside the smart kettlebell housing. This PCB will be fitted with a BM71 Bluetooth LowEnergy (BLE) module, a MMA8451 tri-axial accelerometer, and a Spark Fun HD44780 LCD.
5.1.2 Accelerometer (PD)
A crucial component that is needed for a functional kettlebell is the accelerometer. An
accelerometer is a device that measures the vibration, or acceleration of motion of a structure.
Accelerometers require very little amperage, typically in the milliamp range, and only typically
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require a supply voltage of 5 volts or less. Accelerometers contain capacitive plates internally
that vary the capacitance depending on the amount of acceleration that is acting on the system.
The change in capacitance allows for the acceleration to be calculated and then communicated to
other devices such as a microprocessor using different interfaces.
An accelerometer can communicate using 3 different interfaces. The first interface is an
analog interface in which the acceleration is shown through the varying of the voltage levels.
Typically, the voltage will vary between ground and the supply voltage level. In most cases, an
analog to digital converter is needed to read the values easier. The next interface that can be used
is a digital interface. A digital interface typically communicates using three different protocols,
SPI, 𝐼 2 𝐶 and UART. A digital interface is typically less susceptible to noise and tends to have
more functionality when compared to analog accelerometers. The final interface that can be used
to transmit data is by using a pulse-width modulation (PWM) interface. This interface transmits
data using a PWM output square wave that varies with changes in acceleration. These types of
interfaces are very important to be aware of when picking an accelerometer as it allows the
designer to understand what will be needed in the circuit to transmit meaningful data to the user.
Another important metric to be aware of for an accelerometer is the G-force rating. A G
is calculated from the acceleration relative to freefall. The higher the G-force rating, the less
sensitive the accelerometer is at determining changes in acceleration. For the purpose of this
project, a small G-force rating will be used because it will allow small changes in acceleration to
be measured and used in repetition and calorie detections. All these factors play an important
part when trying to finalize parts for the project since it will need to fit within certain parameters.
These types of sensors can be used in a variety of applications but for the scope of this
project, the accelerometer will be used to implement repetition recognition and assist in
17

calculating accurate calorie counts. The smart kettlebell system will utilize the MMA8451
accelerator, to allow for the necessary data to be measured and utilized. This accelerator will
measure the acceleration in all 3 directions and communicate using an 𝐼 2 𝐶 interface. This unit
will also have very minimal noise that will allow the measurements to be as accurate as possible.
The size of the components used in the system plays an important part of the design stage
because the kettlebell needs to be as small as possible to compare with standard kettlebells. The
accelerometer will allow for a simple interface with the microcontroller and produce meaningful
information that can be used to display to the user.
In order to validate the use of the specific type of accelerometer, a test will be utilized.
The test that will be conducted is done so by using an Arduino Uno board alongside the
accelerometer. The code utilized is shown below in Figure 1, with the corresponding physical
setup shown in Figure 2.

18

Figure 1: Sample test code for accelerometer validation.
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Figure 2: Arduino LCD physical setup.

Using the code shown in figure 1, the accelerometer and LCD were verified and were able to
display the acceleration that was recorded as movements were made. The code that was used will
be able to be utilized in the Explorer 16 code with some alterations in order to display the LCD
information. The resulting code is shown in the accepted technical design section.

5.1.3 Power Requirements (CR)
For the entire system to come to life, each electrical component must be fed an adequate amount
of power that corresponds to the numbers given on the component’s specifications sheet. Each
electrical component for the Smart Kettlebell will come with a specification sheet that will give
the input voltage required, input current draw, and/or the overall power consumption. The power
consumption of an electrical device is calculated using the formula:
𝑃𝑜𝑤𝑒𝑟 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 × 𝐶𝑢𝑟𝑟𝑒𝑛𝑡
The voltage is often denoted “Vdd” and is the source voltage for the entire device. The current
used in the power calculations will be the maximum current drawn through the device. Often, the
specification sheet will provide different current draws at different states the device could
possibly be in. To ensure the system has adequate power, the value of the current when the
device is active and operating at max capacity is used.
For the purpose of getting a base required power number, the table below was made with the
possible Smart Kettlebell components and their ratings.

Component
Motherboard

Input
Voltage
(V)
3.3

Description
Explorer 16
20

Max
Current
Draw (A)
.4

Power (W)
1.32

PIC 24 (powered by
Microprocessor
motherboard)
BM71 (powered by
Bluetooth Module
motherboard)
Accelerometer/Gyro MPU-3050
LCD Display
Spark Fun HD44780U
Total

3
3

0.0061
0.0003
.4064

0.0183
0.0009
1.3392

Table 1: Power Requirements

As seen in the table, the maximum current draw and power consumed is roughly 410 mA and 1.4
W (rounding up). To fulfill the engineering requirement of 3 hours capability of runtime on a
single charge, the amp-hours (Ah) and watt-hours (Wh) must be calculated to determine the
battery requirements. To calculate Ah:
𝐴ℎ = (𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑝𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚) × (𝑡𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑟𝑢𝑛𝑡𝑖𝑚𝑒)
Where the total amperage of the system is the total calculated in Table 1 and the total hours of
runtime is 3, as stated in the engineering requirements.
Similarly, to calculate Wh:
𝑊ℎ = (𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑦𝑠𝑡𝑒𝑚) × (𝑡𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑟𝑢𝑛𝑡𝑖𝑚𝑒)
Where the total power consumption of the system is the total calculated in Table 2 and, again,
the total hours of runtime is 3. The table below shows the calculated Amp Hours and Watt Hours
of the Smart Kettlebell.
Amp Hours
(Ah)
1.2192

Watt Hours
(Wh)
4.0176

Table 2: Calculated Ah and Wh
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To validate the calculated information in Table 1 and Table 2, bench analysis will be done when
the physical components are in-hand. Each component will be given its required voltage by a
function generator where the current draw and power will be measured.

5.1.4 Power Source (CR)
To power the Smart Kettlebell, a power source was needed that fit the following four criteria:
1. Compact and light weight to fit inside the kettlebell housing
2. Powerful enough to fulfill the power requirements of the electrical system
3. Have charge carrying capability so that the kettlebell would be both wireless and portable
4. Be rechargeable.
Lithium-ion batteries were deemed the best solution. On top of meeting the criteria, lithium-ion
batteries come in many shapes and sizes; and are relatively inexpensive.
With the type of battery known, the next step was to determine the battery parameters such as
output voltage and capacity. Also, the number of batteries and their orientation of connections
was another aspect to consider. From common circuit knowledge, it is known that batteries in
series will increase the output voltage of the system without changing the amperage (Ah
capacity); whereas batteries in parallel will keep the same output voltage but increase the overall
amperage (Ah capacity) of the system.
As a reference, a list of the available batteries at digikey.com was used to see what was available
on the market before making further calculations. Luckily, there was plenty of available options
to choose from that would cover the watt-hour requirement of the Smart Kettlebell using only
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one battery. As an example, the Adafruit Industries LLC 328 battery sold through digikey.com
was considered a possible candidate for the battery of the Smart Kettlebell. This rechargeable
lithium-ion battery has a rated voltage of 3.7V and 2.5Ah while taking up roughly 2” x 2.6” x
0.3” of space.
For further engineering analysis of a lithium-ion battery as a sufficient power supply, a series of
batteries could be bench tested in the Smart Kettlebell system to see which lasted the required
duration of 3 hours, as well as which batteries could recharge in the least amount of time.
A downfall with lithium-ion batteries is their susceptibility to temperature. Lithium-ion batteries
can be damaged from high temperatures and/or high input or output currents, possibly resulting
in explosion or fire. To avoid this outcome, a battery management IC (integrated circuit) would
be a proven form of insurance for the Smart Kettlebell system. When choosing an IC, the battery
voltage and charging station output voltage must be taken into account. For the case of the LLC
328 previously mentioned, the voltage is 3.7V and, looking ahead, the charging station will
ideally have a voltage supply of 5V. Using this information, a battery charger IC such as Texas
Instrument’s BQ24270RGET would meet the requirements and offer an affordable method of
insurance for the Smart Kettlebell. This will be discussed further in the Inductive Charging
Section.
5.1.5 Inductive Charging (CR)
To make the Smart Kettlebell portable, wireless, and overall easier to use, the idea of wireless
charging, or inductive charging, was chosen to recharge the system’s power energy source.
Inductive charging is a simple process, using a transmitter and receiver to wirelessly transmit
power from a source to destination. For the Smart Kettlebell system, an AC to DC wall power
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adapter will provide the DC voltage and the destination of the charging system will be the
lithium-ion DC batteries as discussed in section 5.1.3. Although the source and destination
voltages are DC, in order for the wireless transmission to work, the input voltage must be
transformed to AC in the transmitter and then back from AC to DC in the receiver. This fact is
proven with Faraday’s law:

𝐸𝑀𝐹 = −𝑁

𝛥𝜑
𝛥𝑡

Where EMF is the induced voltage on the receiver, N is the number of turns of the receiver coil,
φ is the magnetic flux, and t is time. The magnetic flux, or φ, can also be represented by the
equation:
φ=B∗A
where B is the magnetic field and A is the area of the receiver coil. These two equations shows
that an emf will only be induced if there is a change in magnetic field, which results from either
physically moving a magnet, or running an oscillating current through a copper wire, which in
turn creates an oscillating magnetic field. To create a stronger, more central magnetic field, the
wire will be wound into a coil of N number of turns, which will be talked about further on.
Since it’s known that the DC source will need to be converted to an AC signal, a switching
circuit will be needed. For this application, a MOSFET or BJT would be an affordable and
simple method to oscillate the DC voltage. Research comparing the two was done at
circuitdigest.com which stated “MOSFETs have faster switching speeds and lower switching
losses than BJTs. BJTs have switching frequencies of up to hundreds of kHz, while MOSFETs
can easily switch devices in the MHz range.” (Hlapisi, 2021). The first assumption was to use the
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MOSFET, but further analysis needed completed to get a base estimate on the switching
frequency that would be needed. The formula for resonant frequency is:

𝑓=

1
2𝜋√𝐿𝐶

where f is the resonant frequency, L is inductance, and C is capacitance. Since the transmitting
coil is essentially an inductor, its inductance would need to be known. If a transmitter coil was to
be purchased from a vendor, the inductance would be listed in the specification sheet. However,
for this project, the coil was to be made by hand using generic copper wire, so the inductance
would be unknown. With a coil of unknown inductance, a chosen capacitor with given
capacitance, and an oscilloscope; the inductance could be calculated using the above formula for
resonant frequency by solving for L and measuring the frequency on an oscilloscope. Similarly,
the above formula could be used to tweak any of the three values.
For initial analysis purposes, a transmitter coil from www.digikey.com, specifically the
WT202080-28F2-G from TDK Corporation, was chosen. The specifications for this coil gave an
inductance of 20.9 uH. A capacitor of 15nF capacitance was chosen. Using the resonant
frequency formula gave a resonant frequency of about 284kHz. Since this frequency was at the
upper limits of what the BJT’s can handle, a MOSFET was chosen to perform the switching
duties of the transmitter.
On the receiver side, the coil will transform the generated magnetic flux into an AC voltage. To
convert the AC voltage to a DC voltage, a simple full wave rectifier using diodes will be
implemented. Further, to transform the positive waveforms from the full wave rectifier into a
smoother DC voltage, capacitors will be used as filters. With capacitor filtering, the voltage
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ripple will decrease, smoothing out the sinusoid signal. A formula that will be used to choose a
capacitor value will be:

𝐶=

𝐼𝐿 × 𝑡
2 × 𝑉𝑟𝑖𝑝𝑝𝑙𝑒

where IL is the load current, Vripple is the maximum allowable voltage ripple, and t is the AC
period. The load current and maximum allowable voltage ripple will be determined from the
specifications of the voltage regulator at the output of the receiver. With the ripple voltage within
range, the voltage regulator will provide a limited voltage for the input to the battery charger IC,
which was mentioned in section 5.1.3.
An important note is the poor efficiency associated with inductive charging. When comparing
inductive power transfer to regular cable connection power transfer, the inductive form is always
slower and less efficient due to losses associated with the induced magnetic field and eddy
currents. One way to reduce this loss is to use a ferromagnetic material around the coils, which
will help absorb and focus more of the magnetic field on the target areas, boosting efficiency.
Another efficiency method would be to have alignment magnets within the transmitting and
receiving coils to assure perfect alignment between the coils, maximizing efficiency.
5.2 Signal Processing
5.2.1 Digital Signals Processing (RD)
As a result of the motion of the kettlebell and the inevitable lull periods in which the kettlebell
may be inactive, a filter will need to be implemented to isolate repetitions done in a workout to
obtain an accurate count for the user profiles. The peaks and valleys in the oscillating graphs that
the workout will produce from the use of the accelerometer will need to clean out the noise and
develop a baseline for which the smart kettlebell will count a full rep or not. This will have to be
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modified for several exercises as the swings of the kettlebell vary depending on the position of
the user and their range of motion. Once the necessary parts are acquired, testing will need to be
done to see how to apply an appropriate filter to the signals.
5.2.2 Battery Level (CR)
The engineering requirements state that the Smart Kettlebell should have the ability to actively
operate for the duration of 3 hours. Even though a kettlebell workout for the average person
would not exceed that time span, it would still be beneficial to have a visual display of the
battery level of the Lithium-ion battery within the device. Using the Adafruit Industries LLC 328
lithium-ion battery as discussed in section 5.1.4., the specification sheet revealed that the 3.7V
battery has a voltage of 4.2V at 100% capacity and a voltage of 2.75V at 0% capacity. Taking
that voltage range and splitting it into ten sections produced the table below:
Life Left (%)

Battery Voltage (V)

0
10
20
30
40
50
60
70
80
90
100

<2.75
2.895
3.04
3.185
3.33
3.475
3.62
3.765
3.91
4.055
4.2

Table 3: Battery terminal voltage vs. life remaining percentage

For the Smart Kettlebell there were two practical options to having a battery level display. The
first option was to input the terminal voltage to the microcontroller’s ADC (analog to digital
converter). The microcontroller could take the input, correspond with the table above, and send a
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command to the LCD to display the percentage. The benefit to this option would be the freedom
to display the battery level percentage in intervals of choice through simple programming.
The second option would be a simple circuit utilizing diodes, resistors, and voltage division. In
this case, the battery level would be represented by LED diodes of multiple (or same) colors
lined up in a chosen orientation. Using resistors of different values and voltage division, certain
LEDs would light up at certain battery levels. For example, when the battery was completely
full, there would be enough voltage to light up all LEDs, but as the battery voltage went down,
the different size resistors in series with the LEDs would cause them, one by one, to go out,
therefore giving an indication of battery life. This circuit would be extremely affordable and
simple to implement, giving a bright, easy to see indication; however, the extra wiring and
soldering would be tedious and would take up limited space available within the Smart Kettlebell
housing.
5.3 Communications
5.3.1 Bluetooth (RD)
The engineering and marketing requirements listed above include that the smart kettlebell will be
wireless and be able to communicate with the web application without a wired connection. To
satisfy those requirements, the smart kettlebell will utilize a Bluetooth wireless connection for
data transmission. Bluetooth is a form of wireless communication that transmits data over short
ranges without the need of a hardwired connection via wires or cables. It replaces wired
connection for headsets, phone to pc transfers, and other home applications. It has flexible
communication meaning it can be sent with either one-way or two-way communication between
a transmitter and receiver (Foley, 2007). This project will utilize a Bluetooth Low Energy
module which is a recent invention. It takes less energy than other older models and can connect
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to multiple devices at once, even though only one established connection will be needed for the
kettlebell. These savings on power will help to reduce the energy used to power the module to
allow the kettlebell to house smaller power cells and work longer before needing to be recharged.
There are two types of Bluetooth communication, synchronous and asynchronous. Synchronous
communication constantly sends data without stopping, such as wireless earbuds, computer
mouse, or home security system. Asynchronous traffic carries other data that can have variable
delivery times such as sending a document to a printer or synchronizing data between a phone
and computer (Foley, 2007). For the kettlebell, the BM71 module will act as the master device
and send data asynchronously to the web application and communicate using UART.
Before any workout can begin, the user will need to login to the application and be in their
account. After this, they will need to verify that the Bluetooth connection has been established
between the application and the kettlebell before a workout is started. If there is no connection
established, an option will exist in the application to connect to the kettlebell.
5.3.2 I2C (IS)
I2C is a serial communication protocol that transmits data from one device to another using two
lines. The first line is the data line in which data is transferred to and from desired devices and
the second line is the clock line that synchronizes data transmission. Typically, there exists one
master device that generates the clock and initiates data transmission between itself and one of
possibly many peripheral devices. The messages are broken up into frames of data that contain
data bits, a read/write (R/W) bit, which is used to indicate what should be done with the data, and
start/stop conditions to let the peripheral device know when the message begins and ends.
Because multiple peripherals can exist and each share the data line with the master device, an
address frame is also included to distinguish between the peripheral devices.
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For this project, I2C will be utilized to establish communication between the PIC24 and the
MMA8451 accelerometer. From section 5.11.1 in the datasheet for the MMA8451 (NXP) the
serial I2C operation is explained. To read a single byte from the accelerometer, the master sends
a start condition to the MMA8451’s required slave address (0x1D) with R/W bit set to 0 (write).
After the MMA8451 responds with an acknowledgement, the master transmits the desired
register to be read followed by a repeated start condition. After this, the master addresses the
slave address with the R/W bit set to 1 (read) to read from the previously selected register. The
transmission ends after the master sends the stop condition. Figure 3 shows data sequence
diagram from the MMA8451’s data sheet for a single byte read and Figure 4 shows what the
PIC24 produced when implementing a single byte read of the register corresponding to
acceleration in the x axis (OUT_X_MSB).

Figure 3: Single Byte Read Data Sequence Diagram

Figure 4: Single Byte Read Implemented Via the PIC24
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Note that the desired register was read exactly how the data sequence diagram specified,
however, the PIC24 code had a bug that prevented the stop condition to be executed, and thus
only allowed the register to be read upon startup.
5.3.3 Parallel (LCD) (RD)
Parallel communication sends single bits across multiple channels simultaneously. Serial
communication can only be sent one bit at a time over one channel. With a 16-bit message,
parallel communication would need 16 data lines to send the message across. This will require
more pins, but it will be quicker to transfer compared to serial. This type of communication will
be used to send the data to the LCD display. As stated in our engineering requirements, the
number of reps will be on the LCD display and will need to be sent via parallel communication
quickly so that the user can quickly see that the rep they did was counted. Consideration has been
made to add a second LCD screen for timer or battery level or if LED lights will be used to
display the kettlebell’s battery level instead. With the SparkFun LCD screen, it can handle two
lines of 8-bit data. This will allow the data to all be presented to the user so that they are able to
get an immediate feedback response on their exercise if a rep counted, the time elapsed, and if
the battery needs to be charged.
5.3.4 UART (RD)
UART will be used to send data to the Bluetooth module and receive the data from the UI
application that is being developed. UART, or Universal Asynchronous Receiver-Transmitter, is
a serial data transfer protocol that only needs two wires to function, one for transmitting data and
one for receiving data. Unlike SPI and I2C, the UART communication protocol does not need a
dedicated wire for the clock in order to synchronize the master and slave peripherals. Instead,
UART communicates asynchronously by starting transmission with a “start bit” and completing
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transmission with an “end bit”. Both devices communicating via UART must also have a
matching baud rate which means they both must transmit and receive data at the same rate to
compensate for not having a dedicated clock wire. In the case of the smart kettlebell, UART will
be used between BM71 Bluetooth module and the microcontroller to transmit and receive
packets to and from the mobile application at a baud rate of 115200. The BM71 includes a
flexible MCU interface that only requires two UART signals (Microchip 2021). The BM71 is
then controlled by the UART binary packet communications that are set.
5.4 Embedded Systems
5.4.1 Analog to Digital Converters (RD)
An analog to digital converter (ADC) will be used for processing digital signals into analog
signals. The PIC24 has a 10-bit ADC module with 26 channels as detailed in Section 21. It has
conversion speeds of up to 500 ksps and 16 analog input pins. This will take a high voltage
reference and low voltage references. The general equation for ADC quantization requires a high
voltage and low voltage reference value and the number of bits to solve.

The primary purpose for the ADC in this project is to sense the battery level. The software will
simply take the voltage from the power supply, use the ADC to convert it into a digital value and
then compare this value to those that are found in Table 3 to select the correct battery life
percentage to display to the user.
5.4.2 LCD Display (RD)
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An LCD display will be used on the kettlebell to provide the user real-time feedback with
information about their workout. Specifically, we will use a SparkFun HD44780U LCD screen.
The plan is to set the display on the top of the kettlebell beneath the handle to ensure that the
screen is visible to the user and the screen is protected from any mishandling or drops of the
kettlebell. It will also allow us to minimize wiring from the board to the display. The HD44780U
offers a liquid crystal display with two lines that can display one 8-character line or two 8character lines. It can use power from 2.7 to 5.5 V of power (Hitachi Ltd.,1998). For our
purposes, we will use it with 3.0 V.
The LCD display will be connected to the PIC24 microcontroller which will be on Explorer 16
board. The display will keep a count of the number of records recorded for this display. This will
take data from the accelerometer and IMU to help the user determine if a motion is a rep or not
based on the exercise they choose.
When the workout start command is issued from the app, the LCD display will show
“Connected” to confirm that the Bluetooth connection has been established. It will then display a
timer starting at 00:00 to start counting the duration of the exercise on the first line and on the
second line a count of reps performed based on the chosen exercise.
5.4.3 Timers (RD)
To record the workout time, the kettlebell will use the time keeping modules present in the
PIC24 microcontroller. The PIC24 offers several different 16-bit timers, each with its own read
and write registers and associated bits for interrupt control. They can run off the CPU clock or an
external clock for the purpose of timekeeping. Since all of them are 16-bit timers, they can
record a count of 216-1 or 65535. Timer 2 and 3 or 4 and 5 can be combined to double to a 32-bit
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timer to record a count of 232-1 or 4,294,967,294 (Microchip, 2012). The period between counts
is determined by the internal clock frequency. Timer interrupt can be set to occur at a set interval
to then record the time elapsed to save for the workout time. This will be used to display the
workout time on the LCD screen in real time.
5.4.4 CPU Speed (IS)
The CPU, central processing unit, on the microcontroller is what executes all code that is
programmed into the microcontroller after it is compiled into machine code. The clock speed of a
CPU is measured in clock cycles per unit of time so a clock speed of 8MHz means 8 clock cycles
per microsecond. On the clock edge of each of these cycles, an instruction can be executed.
Therefore, a higher CPU speed allows a higher number of instructions to be executed per unit of
time which results in an overall more responsive embedded system. To accurately obtain values
from ADCs and timers, a high CPU speed is typically required. However, with higher speeds
comes with increased power requirements from the microcontroller.
A crystal oscillator is the physical device that determines the speed of the CPU. Microcontrollers
can either use an external oscillator or one that was embedded internally by the manufacturers.
The PIC24FJ256GB206T includes an 8 MHz internal Oscillator which can be scaled up to 32
MHz using the PLL (Phase Lock Loop) frequency multiplier circuit (Microchip 2012). More
analysis needs to be done to determine an appropriate CPU speed for the microcontroller such
that the smart kettlebell’s performance and power requirements are met.
For testing purposes, a 32 MHz CPU clock was used. The code found in Figure 5 shows the
configuration file used to achieve this clock speed as well as set other properties of the
CPU/microcontroller.
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Figure 5: Config Settings for PIC24

5.5 Energy Expenditure Calculation (RD)
This section applies to the calculation of the number of calories burned by the user. This will
fulfil the primary marketing requirement of providing the user with measurable results from their
workouts and training sessions. Mainstream products on the market use several different
methods for accurately counting the user’s activity levels to be able to output data that is specific
to their workout and personal biometrics. Many of these such as smart watches and fitness
trackers, will use various forms of technology to record heart rate along with age, weight, and
motion. Treadmills will take the inputs of the user’s height and weight to give estimate numbers
for calories burned and then also have metal strips on the handlebars to take in the user’s
heartrate to be able to better calculate their biometrics.
While it is currently only a protentional add-on to the smart kettlebell, there are plans to
incorporate a heart rate sensor into the handle of the kettlebell to get the user’s heartrate while
they are gripping and using the weight to perform exercises. For now, several alternative
methods are being considered.
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There are several pre-existing calculators in the world of fitness that are used to calculate
calories burned. These equations consider body weight, time, and MET or the metabolic
equivalent of a task. Some also consider the number of reps an exercise is performed. To find the
best and most accurate method of calculating the calories burned by the user, testing will need to
be done to determine constant and variable relations within the equation to give accurate results.
This will be done by performing exercises while wearing popular mainstream equipment such as
a Fitbit or Apple Watch to record different workouts done with a kettlebell so that a baseline can
be established.
The leading equation is
(MET*weight in kg) = calories/hour.
Within the application options, the type of motion and exercise being done with the kettlebell
will be chosen so that the correct MET is selected based on the workout. By doing the exercise
and selecting manual inputs, the user will determine the workout (to manipulate the set MET),
their weight (converted into kilograms if needed), their age, and the time of the workout to then
get a response as to the number of calories burned. From there, a conditional structure within the
app will take the manual inputs and response from the kettlebell motion to calculate the number
of calories burned. The equation will need to be fine-tuned during testing to see if parameters
need to be accounted for differently compared to publicly use data metrics.
5.6 Computer Networks (IS)
In computer networks, the IP (internet protocol) five-layer software model is as follows: Physical
layer, Link layer, Network layer, Transport layer and Application layer. Figure 6 gives a visual
representation to this model. Each layer only communicates to its adjacent layers.
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Figure 6: IP 5-Layer Model

At a high level, each layer will be explained. The Application layer generates the data and
requests to connect to other hosts. The Transport layer details how exactly these hosts establish a
connection to “transport” data and what to do in the event of miscommunication between hosts.
The Network layer creates the packets that identify where in the network the packet is needed.
The Link layer creates the frames that specify the exact device in the destination network the
data is intended for. The Physical layer then takes the encoded data and turns it into bits which
are then usable by the destination device.
5.6.1 Bluetooth Packets (IS)
For the smart kettlebell, the BM71 BLE, Bluetooth low energy, module is used. For devices to
communicate with each other using the Bluetooth module, packets are sent between devices.
When first establishing a connection between two devices, a device called the remote device will
continuously output advertisement packets which contains the necessary information for another
Bluetooth device to connect. The second device, called the host, will send a connection request
packet in order establish a connection between the advertising device and the requesting device
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(Afaneh 2020). When this connection is established, the BLE module can be transitioned to the
“Link State” to transmit data packets between the two devices (Microchip 2021).
6. Engineering Standards
Table 4: Engineering Standards

Safety
Communication
Data Formats
Design Methods
Programming Languages
Connector Standards

ANSI C18.2M, UL 2054
UART, I2C, Bluetooth, Parallel
Qi
C/C++, SQL, Java
USB

7. Accepted Technical Design (IS)
At the most basic level, the Smart Kettlebell consists of a mobile application and the kettlebell
itself. The next two sections will discuss how the hardware and software will allow this project
to be realized. Low to high-level diagrams will be presented alongside their functional tables to
describe inputs, outputs, and the overall functionality of each component.
In Figure 7, the level 0 block diagram of the entire system is presented and in Table 5 the inputs
and outputs are described.
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Figure 7: The Level 0 System Block Diagram
Table 5: The Level 0 System Inputs and Outputs

Module
Inputs

Outputs

Smart Kettlebell (IS, RD, PD, CR)
 Power: From wall receptacle.
 Kettlebell Motion: As the user is performing an exercise, the
kettlebell’s motion will be observed using an accelerometer.
After obtaining real-time data, the kettlebell will be able to
detect an exercise repetition.
 User Input: The user will be able to enter in their height, weight
and age to be saved to their personal profile. They also will be
able to enter in the exercise they wish to complete and the
number of reps and sets for that exercise. Finally, the user will
be able to begin and end their workout using a push button on
the kettlebell.
 Kettlebell Weight: The user will be able to adjust weight of the
kettlebell by adding or removing standard barbell plates to the
kettlebell.
 Battery Level:
 Health Metrics: As the user is performing an exercise, the
kettlebell’s motion will be observed using an accelerometer.
After obtaining real-time data, the kettlebell will be able to
detect an exercise repetition.
 Workout Duration: The user will be able to enter in their height,
weight and age to be saved to their personal profile. They also
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Functionality

will be able to enter in the exercise they wish to complete and
the number of reps and sets for that exercise. Finally, the user
will be able to begin and end their workout using a push button
on the kettlebell.
The Smart Kettlebell will take advantage of an embedded system
containing a microcontroller, LCD screen and accelerometer as well as a
mobile application to obtain repetitions of various kettlebell exercises.
The system will also be able to calculate the calories a user burned
while working out and the duration of their workout.

7.1 Accepted Hardware Design
The hardware design is comprised of an accelerometer/gyroscope to detect the overall movement
of the Smart Kettlebell, a Bluetooth module to wirelessly communicate between the Smart
Kettlebell and the user’s smart device, an LCD display to show basic workout parameters on the
Smart Kettlebell, a microcontroller to control system operation, and a power distribution system
to ensure the Smart Kettlebell’s electrical system is powered properly.

Figure 8: Level 1 Hardware Block Diagram
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Table 6: Level 1 Hardware Functional Requirements

Module
Inputs
Outputs
Functionality

Module
Inputs

Outputs
Functionality

Module
Inputs
Outputs
Functionality

Module
Inputs

Outputs
Functionality

Tri-Axial Accelerometer (PD)
 Motion of the Smart Kettlebell
 Power
 Voltage signals corresponding to acceleration in the three axes
The tri-axial accelerometer is the main sensor in the Smart Kettlebell. It
provides the microcontroller the voltage signals corresponding to the
acceleration in the three axes. This sensor will give accurate movement
measurements to the microcontroller for workout calculations.
Bluetooth Module (RD)
 Data from the user’s smart device
 Data from the microcontroller
 power
 Data to the user’s smart device
 Data to the microcontroller
The Bluetooth Module will allow the microcontroller within the Smart
Kettlebell to communicate with the user’s personal smart device. Data
being transferred to and from the Bluetooth Module is covered in the
Accepted Software Design.
LCD Display (IS)
 Control signals from microcontroller
 power
- visual display of workout parameters for the user to view during
use of the Smart Kettlebell
The LCD Display will allow the user to view workout parameters
during a workout so that they do not have to access their personal smart
device. It will display statistics such as reps, battery life, and workout
duration.
Microcontroller (PD, RD, IS)
 Movement signals from the accelerometer
 Data from the Bluetooth Module
- Power
 Data to the Bluetooth Module
- commands for the LCD Display
The Microcontroller will interpret signals from the accelerometer to
determine reps and calculate calories burned. It will send commands to
41

Module
Inputs
Outputs
Functionality

the LCD to display workout parameters. Also, it will output data to the
Bluetooth Module to go to the app and user’s smart device.
Power Distribution System (CR)
- Power from wall adapter
- Power to all electrical devices
The Power Distribution System will take AC power from a wall
receptacle and transform it to acceptable power unique to the needs of
each device within the Smart Kettlebell.

Figure 9: Level 2 Hardware Block Diagram – Power Distribution System

Table 7: Level 2 Hardware Functional Requirements

Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs
Functionality

AC-DC Power Supply
 120VAC from wall receptacle
 DC voltage
Converts AC power to DC power
Wireless Charging System
 DC voltage
 DC voltage
Wirelessly transmits power from a transmitter outside the Smart
Kettlebell to a receiver within the Smart Kettlebell
USB Charging Circuit
 DC voltage
- DC voltage
Cable backup form of charging for the Smart Kettlebell. It will take the
DC voltage from the adapter and convert it to a voltage acceptable for
42

Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs

Functionality

Module
Inputs
Outputs
Functionality

the battery.
Battery
- Power from charger
- Power to Smart Kettlebell electronics
Main energy source for the Smart Kettlebell
Battery Level Monitoring Circuit
- Voltage and current from battery
- Battery level signal for gauge
- System shutoff
This will provide a measurement of energy life of the battery as well as
automatically shutoff the system when a low point is reached to prevent
battery damage
Power Conditioning Circuitry
- Power from battery
- Power to Smart Kettlebell electronics
Circuitry to convert the battery terminal voltage to voltages specific to
the electronics of the Smart Kettlebell system.

Figure 10: Level 3 Hardware Block Diagram – Wireless Charging System
Table 8: Level 3 Hardware Functional Requirements

Module
Inputs
Outputs
Functionality
Module
Inputs
Outputs

DC to AC Switching Circuit
 DC voltage from wall adapter
 AC voltage at correct frequency
A switching circuit that provides an AC signal at the desired frequency
of resonance to be sent through the transmitting coil
Electromagnetic Coils
 AC voltage at correct frequency
 AC voltage
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Functionality
Module
Inputs
Outputs
Functionality

Induce a voltage on the receiving coil through electromagnetic
induction.
AC to DC Rectifying Circuit
 AC voltage
- DC voltage
Convert the AC voltage to a DC voltage to be fed to the battery.

7.1.2 Electrical Schematics (CR)
The Power Distribution Subsystem is broken down into four schematics, all of which were
generated using the Eagle software. The final design of the Smart Kettlebell will have a PCB in
the charging pad, and the other three PCB’s within the housing of the Smart Kettlebell. It is a
possibility to combine these three PCB’s if physical design limitations permit.
7.1.2.1 Transmitter Circuit (CR)
The first schematic is the power transmitter circuit where the input power is 12VDC and the
output is wirelessly transmitted power, as well as a 12VDC power port for cable transmission.
The Transmitter circuit schematic is shown below in Figure 11.
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Figure 11: Transmitter Schematic

The main focus of the transmitter circuit is the wireless transmitter coil in parallel with a
capacitor of chosen value. The coil and capacitor create an LC tank, which, when suddenly given
a voltage across its terminals, will naturally oscillate at what is known as the resonant frequency.
With the values of the inductor coil and capacitor known, the resonant frequency can be
calculated.
The LC tank needs to be fed the source voltage at the same frequency as the resonant frequency,
so a 555 timer and power n-mosfet are used to complete this task. The 555 timer will generate a
square wave at a frequency which can be programmed by altering the values of R1 and R2. So,
the 555 timer is programmed to output a 5V square wave at the resonant frequency to the gate of
the power n-mosfet. The timer-driven n-mosfet will stop and start current flow through the LC
tank at the resonant frequency, which will induce an EMF on the receiving coil within the Smart
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Kettlebell. A generic wall adapter will be used to plug into an electrical outlet and provide the
12VDC required for the LC tank, as well as through the backup charging port for a cable
connection.
7.1.2.2 Receiver Circuit (CR)
The duty of the receiver circuit is to receive the induced emf from the transmitter circuit and
ultimately convert that signal into a DC voltage. Figure 12 below shows the receiver circuit. The
start of the circuit consists of a header that will allow us to connect a receiver coil. The capacitor
in parallel with the receiver coil is used to match the transmitter’s resonant frequency and has a
value that will vary based on the final decision of which receiver coil to use. The voltage
produced by the receiving coil will be a sinusoidal (AC) voltage that will need to be rectified
using 4 diodes in a full-bridge configuration. The capacitor C2 is responsible for smoothing the
rectified signal to get as little as possible. The value of C2 will be altered to achieve as little
ripple as possible while taking as little time as possible to charge up. The filtered DC signal is
then regulated to 5V using the LM7805 regulator and the capacitors C3 and C4, which values
were specified in the LM7805 datasheet.
The receiving circuit will provide a regulated 5VDC to the output jumper. A possible
consideration for this design is to substitute a switching regulator in place of the LM7805, which
is a linear regulator. While the linear regulator is more affordable, it has a larger voltage drop
across it, which requires the input voltage to be around 5.5V instead of 5V to achieve a regulated
5VDC output. Another consideration for this circuit will be the physical location within the
kettlebell housing due to the requirement of the receiving coil to be as close as possible to the
transmitting coil. To maintain an accurate inductance value of the coil, the coil and the rest of the
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circuit need to be as close as possible in order for the extra wire between the coil and capacitor of
the LC tank to be negligible.

Figure 12: Receiver Schematic

7.1.2.3 Battery Management Circuit (CR)
The duty of the battery management circuit is to take the regulated 5VDC from the receiving
circuit and charge the 3.7V lithium-ion battery. To reduce the risk of damaging the lithium-ion
battery from overcharging or charging too fast, the MCP73830 Battery Management IC is used.
The solder connectors of the IC will be connected to the MCP73830 Battery Management
Header in Figure 13 with the specified pinout. Both capacitors and resistor R1 were specified in
the MCP73830 datasheet. Resistor R2 is to be varied based on the fast-charge current desired for
the battery. Lithium-ion batteries have maximum fast-charge current values listed in the
datasheet in terms of the capacity of the battery. The battery used in this project is large
2600mAh battery with a 0.5C fast-charge current maximum (1.3A). This IC has a fast charge
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range of 20mA with a 10kohm resistor to 200mA with a 1kohm resistor, but because of the large
size of the battery being used, the 1kohm resistor can be used for R2 to max out the supplied
fast-charge current. The Li-Ion Battery Header will be used to connect the leads of the battery.
A possible consideration for this circuit is to replace this battery management IC with another IC
that will allow for a larger fast-charge current and quicker charging time. Similarly, the large
battery could be replaced with a smaller capacity battery that would reduce the charging time
while using this specific IC.

Figure 13: Battery Management Schematic

7.1.2.4 Components Power Circuit (CR)
The duty of the components power circuit is to take the 3.7VDC input from the lithium-ion
battery and power the components main components of the Smart Kettlebell, which are the
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microcontroller, LCD display, accelerometer, and Bluetooth module. All four components
require 3.3VDC input. As shown in Figure 14, the circuit shows both a boost and buck
converter. Because the 3.7V battery voltage drops to around 3.3V at empty, a voltage regulator
would not work because of the voltage drop across the regulator. Instead, a boost converter is
used to boost the voltage to 5V before regulating it to 3.3V. This method will allow a constant
3.3V during the entirety of the battery’s lifespan. A downfall of this method is the poor
efficiency, but the large battery being used will compensate and allow the Smart Kettlebell to
operate up to the duration specified in the engineering requirements. The large eight pin header
will allow for the connection of the four components to their individual vdd and vss/gnd pins.

Figure 14: Components Power Schematic

7.1.2.5 PIC24 Communication Schematic (PD)
The PIC24 communication to the peripherals is crucial to having a functioning system. The
PIC24 will pull data from the accelerometer and perform calculations and the corresponding
results will be communicated to the user application using Bluetooth communication. The
resulting pin connections are shown below in Figure 15.
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Figure 15: Pin Connections between PIC24, MMA8451 and RN4870
Figure 15: PIC24 Communication to peripherals.

7.2 Accepted Software Design (IS)
The software for the system will be split into two major subsystems: the mobile application and
the software for the embedded system. The mobile application’s primary responsibility is to
provide the user a seamless way to interact with the kettlebell and save the data it produces to be
viewable not only after a workout but viewable whenever the user wishes to do so. To
incorporate this functionality, a relational database will be used. The embedded software is
responsible for interfacing the hardware components, which includes the accelerometer,
Bluetooth module and LCD display, to communicate useful data to the microcontroller which
will then be relayed to the user’s phone. Figure 7 shows the system’s level 1 block diagram for
the software that will be realized, and Table 9 shows the functional requirements for each
module.
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Figure 16: Level 1 Software Block Diagram
Table 9: Level 1 Software Functional Requirements

Module
Inputs

Mobile Application (IS, RD)
 User input: The user will have a multitude of input options.
First, they will be able to input their height, weight and age
which will be used to calculate calories burned. The user will
also be able to select exercise rep and set counts and
communicate to the kettlebell when they wish to begin a
workout
 Bluetooth Signal: After the user completes a workout, the
kettlebell will transmit a Bluetooth signal containing the rep
count as well as the workout time.
 Database: The application will select relevant health data from
the database that is relevant to the user. This data will include
previous workout statistics to display to the user and user details
like height, weight and age in order to find how many calories
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Module
Inputs

the user burned during a workout
 Bluetooth Signal: The kettlebell will send a Bluetooth signal to
the microcontroller when the user is ready to start or end a
workout. As of the midterm report, additional data the Bluetooth
signal will contain is not exactly known. Some of this additional
data could be the user’s desired rep and set count for an exercise.
 Database: The application will store user login information in
the database upon account creation as well as any workouts
which will include the date, calories burned and set and rep
counts.
The mobile application will allow users to connect to the kettlebell via
Bluetooth to obtain health metrics recorded after using the smart
kettlebell. This data, along with user’s personal data inputted during
account creation, will be stored in a relational database to allow
additional functionality like user accounts and the ability to display past
workouts.
Database (IS)
 Mobile Application Data: The data generated from the mobile
application, which includes a user’s account credentials, a user’s
personal details (height, age, weight) and workout data, will be
stored in the database in their respective tables.
 Past Workout and User Data: The two types of data that will be
pulled from the database will be past workout data and data
relevant to a particular user. Past workout data will include the
date the workout was performed, the calories burned during that
workout and the reps and sets of the specific exercise completed.
User data will include the user’s age, height, and weight.
The database is pivotal in making the user experience as smooth and
easy as possible. It will store the users account details and credentials
which will allow them login to any mobile device and have access to
their past workout data.
Bluetooth (RD)
 Mobile Control Signal: In the mobile application, a control
signal will be generated when the user wishes to begin a
workout. This signal will contain special characters that when
received by the kettlebell, will signify the beginning or end of a
workout.
 Embedded Data Signal: In the mobile application, a data signal
transmitted from the embedded system will be processed. It will
contain special characters that will be used to separate repetition
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count and the duration of the workout
 Mobile Control Signal: In the embedded system, a control signal
transmitted from the mobile application is received and
processed.
 Embedded Data Signal: In the embedded system, a data signal
will be generated at the conclusion of a workout.
The Bluetooth module is the medium in which the kettlebell and mobile
application communicate. Both the mobile application and embedded
system will transmit and receive signals from each other but how they
are implemented will be different. On the mobile application, the use of
existing software libraries will be leveraged to communicate to the
module on the embedded system. However, low level code on the
embedded system is needed to communicate via UART to the Bluetooth
module. A single data packet will be sent from the app to the kettlebell
to initiate the start command of the workout and a return packet will be
sent containing the data from the app. Thus, only have one receiver and
one sender in each transaction as opposed to both ends constantly
communicating
LCD (IS)
 Microcontroller Data: The microcontroller writes the relevant
data to the LCD through the use of parallel communication
 Workout Duration: The LCD will display a running timer of the
current workouts duration.
 Battery Life: The LCD will display the battery life in the form of
a percentage of total remaining battery life.
The LCD will simply just display the active workout duration and the
current battery level of the kettlebell. To do this, the LCD will need to
be interfaced to write one metric on one line of the display and write the
other metric on the line below it or be able to cycle through each metric.
This will be done all while continuously updating each metric.

7.2.1 Microcontroller Software Flowchart (IS)
The microcontroller’s software is the brain of an embedded system. It is what allows all of the
hardware components contained in the embedded system to communicate and exchange relevant
data. The microcontroller that the kettlebell uses is the PIC24FJ256GB206T. This
microcontroller has many internal peripherals like the analog to digital converter (ADC) which
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eliminate the need for additional hardware. The microcontroller can also communicate to
peripheral hardware via communication protocols such as I2C or UART.
The kettlebell’s microcontroller is responsible for interfacing between the accelerometer,
Bluetooth module and the LCD. It uses UART to communicate to the Bluetooth module and I2C
to receive data from the accelerometer. It also has built in timers which will be utilized to track
the workout’s duration. Intermediate software will need be developed to process and interpret
sensor data, which will determine the and then package that data to be sent to the Bluetooth
module and then the mobile application. Figure 8 showcases the software flowchart for the
microcontroller and Table 10 explain the functional requirements of each block
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Figure 17: Microcontroller Software Flowchart
Table 10: Microcontroller Software Flowchart Functional Requirements

Module
Inputs

Outputs

Initialization (IS)
 Power: Power will be provided to the system upon the power
button being pressed which will begin the initialization of the
system.
 Transition to Standby: The system will be sent into standby,
waiting for a start sequence character to begin tracking a
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workout
After the kettlebell is powered on, the software will initialize all
necessary systems, (I.E., Bluetooth communication), in order to
successfully record a workout and send it to the user when it is
requested to do so. Standby mode will simply be the kettlebell waiting
to receive the start signal from the mobile application.
Receive Bluetooth Signal (RD)
 Mobile Control Signal: Requests to start and end the workout
will be processed by this module. Additional information, like
rep and set count may also be sent
 Embedded Control Signal: Signal for the embedded system to
transition to Workout Monitoring.
 Embedded Data Signal(possible): Rep and set count specified by
the user which could be used to signal the end of the workout.
This module will receive incoming Bluetooth signals from the mobile
application. The data contained could be control signals that could tell
the system to start workout monitoring or end workout monitoring.
Additional data that may be sent are the repetitions and sets that the user
wishes to complete, which could also be used by the system to signify
the end of a workout.
Workout Monitoring (IS, PD)
 Bluetooth Control Signal: The signal to start or end a workout
which originated from the Bluetooth module
 Bluetooth Data Signal: Desired reps and sets the user wishes to
complete which originated from the Bluetooth module
 Processed Accelerometer Data: Processed output from the
accelerometer than can be immediately interpreted. This data
will be used to decide if a rep was performed.
 Workout Data: The number of reps and sets performed for an
exercise and the time it took the user to complete those sets
As of right now, the workout monitoring stage will monitor the entirety
of an exercise. That includes every set the user wishes to complete.
Ideally, a countdown timer will be implemented as a rest period inbetween the user’s sets. After the desired number of sets were
completed or the user requests to stop the exercise, the data accumulated
will be sent to be processed before being sent to the application in a the
number of data packets needed for the size of the information. At this
point, the kettlebell is the sender and the phone is the receiver.
Signal Processing (RD)
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 Raw Accelerometer Data: The data that is directly outputted by
the accelerometer.
 Processed Accelerometer Data: Output that will be immediately
usable to other parts of the software.
This module will be completely dependent on the accelerometer that
will be used in our system. The possible processes that could take place
are analog signal filtering, analog to digital signal conversion or digital
signal filtering. Performing these steps makes sure we are only sampling
accurate data and not noise as well as make the signal usable by the
microcontroller (needs to be digital). Many accelerometers already have
these functions built in so it is possible that this module is not necessary.
Data Processing (RD)
 Workout Data: The number of reps and sets performed for an
exercise and the amount of time it took the user to complete
those sets.
 Formatted Byte String: Byte string which was converted from
the number of reps, sets and time duration with necessary special
characters to separate each value.
 Character String: A character string which was contains the time
duration of the workout.
This module will package the incoming workout data into a format that
can be interpreted by transmit Bluetooth module and written to the LCD
Transmit Bluetooth Signal (RD)
 Formatted Byte String: Byte string containing number of reps,
sets and time duration with necessary special characters to
separate each value.
 Mobile Data Signal: Bluetooth signal that is sent to the mobile
application.
This module simply transmits the workout data to the mobile
application.
Battery Life Sensing (IS)
 Power: Power directly from the battery.
 Battery Level: An integer/double value that indicates the
percentage charge that is left on the battery
This module will be realized using the ADC of the PIC24
microcontroller. By sending the analog voltage from the power supply
to the ADC pin, the ADC will convert the value into digital so that it
can be processed. This value will then be compared to the values found
in Table 3 to determine the current battery level. This value is then
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stored in a string and outputted on the LCD.
Write LCD (IS)
 Mobile Control Signal: Requests to start and end the workout
will be processed by this module. Additional information, like
rep and set count may also be sent
 Embedded Control Signal: Signal for the embedded system to
transition to Workout Monitoring.
 Embedded Data Signal(possible): Rep and set count specified by
the user which could be used to signal the end of the workout.
This module will receive incoming Bluetooth signals from the mobile
application. The data contained could be control signals that could tell
the system to start workout monitoring or end workout monitoring.
Additional data that may be sent are the repetitions and sets that the user
wishes to complete, which could also be used by the system to signify
the end of a workout.

7.2.2 Microcontroller Code/Pseudocode (IS)
This section will showcase the code and pseudocode that was realized to implement certain areas
of the design. These areas included continuously updating a line of the LCD display, obtaining
an acceleration reading via I2C, connecting the Bluetooth module to a mobile device, and
reading values from the ADC, which will be used for battery life sensing. All code below was
tested and implemented while pseudocode was theoretically realized.
7.2.2.1 LCD Code (IS)
The LCD code utilizes the parallel master port (PMP) found on the PIC24. This allows the
program to directly address all data lines of the LCD using two lines of code. In Figure 18, the
defined values for the LCD and its functions are found. The two important functions are the
LCD_SendData() and LCD_SendCommand() functions which send either data or commands to
the LCD. In each, the PMP register PMADDR determines whether the data byte is to be written
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to a line of the LCD (PMADDR set high) or the data byte is a command for the LCD (PMADDR
set low). Then, the PMDIN1 bus takes the data byte to the LCD to be written or to change a
setting.
The code in Figure 19 showcases how the code can be used to continuously update the LCD in
real time. A counter is incremented every half of a second and then displayed on the LCD. The
sprintf() function, from the “stdio.h” library, allows for a string to be created with the value of
the counter inside. This string is then written to the LCD.
From the functions established and through the use of the sprintf() function, this code will be
used when continuously updating the battery life and the workout time during a user’s workout.
However, this will more than likely be implemented through the use of interrupts to avoid
needlessly calling the clearScreen() function, which requires 4 milliseconds to complete.

Figure 18: LCD Globally Defined Variables and Functions
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Figure 19: Continuous LCD Line Updates Implementation
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Figure 20: LCD Function Definitions
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7.2.2.2 Accelerometer Code (IS & PD)
The MMA8451 accelerometer was used to communicate to the PIC24 via I2C communication
protocol. For testing purposes, the accelerometers default values for the configuration registers
were used. The defined variables at the top of Figure 21 correspond to the values discussed in the
I2C section above. The WRITE_CMD and READ_CMD both contain 8 bits, with the first 7
being the address of the accelerometer (0x1D) and the final 8th bit being the R/W bit. The
definitions for OUT_X_MSB, OUT_Y_MSB and OUT_Z_MSB correspond to the register
values on the MMA8451 that contain the acceleration readings for each respective axis. Note
that MSB stands for most significant byte and thus the remaining LSB for each axis was not
accounted for. All of the I2C code can be found in Figure 22 and the function called in the main
loop of the program is found in Figure 21. The resulting code was able to produce the signal that
is shown in Figure 4 in the I2C section but, as noted above, only one reading was able to be
performed upon startup.
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Figure 21: Global Definitions, Main Loop and Milli-second Delay Function
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Figure 22: I2C Code

Figure 23: Code to Read an Accelerometer Axis Register on MMA8451
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Although we were not successful in continuously sampling the accelerometers registers in our
main loop, we believe that the code is one painstakingly iteration away from being able to do so.
Regardless, we were able to successfully create and utilize an I2C library which we can use for
any I2C accelerometer (or peripheral device) of our choosing.
7.2.2.3 Bluetooth Code (RD)
The current Bluetooth module we are using is the RN4870 click module. This module was used
for the purpose of researching and testing the UART communication protocol we are going to be
using for the purpose of sending data to and from the application based on the metrics coming
out of the kettlebell. Right now, the code we have working sends a string of characters one
character at a type for messages. For the purposes of the project, this will need to be expanded to
send a start command from the application to the kettlebell with the time and rep count being
sent back to the mobile application. Half-duplex communication protocol will be utilized so that
there is one sender and one receiver and then switching roles to funnel information. The code is
written using MPLAB in C language.
The plan is to be able to adapt this code to the BM71 module once it comes in and expand on
communication code to send information from the timer module to the application to record the
data into the user’s information in the database. Instead of a constant stream of information, it
will be sent via a single package from the app to the kettlebell to start the exercise and then
another package from the kettlebell containing the time and rep count back to the app. This
prevents the need for keeping a live time on the phone application and instead display the
workout time on the LCD screen. Currently, the phone is able to detect the signal of the
Bluetooth module and display the characters being sent from the written code. In the next phase,
the kettlebell’s microprocessor will send information obtained from the accelerometer through
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Bluetooth to the app. There were some issues with getting full message to transmit fully and not
skip values, but further work will be done to iron these issues out and allow for more information
to flow through the connection. Code also will be written within the application to make use of
the phone’s built-in Bluetooth module to have an endpoint rather than using a BLE scanner prebuilt application that was used for the sake of the demonstration.
The code below shows the functions used for initializing the Baud rate and sending the
appropriate send and receive statuses to transmit data, and then sending the data. It also includes
the code that set the S6 button on the Explorer 16 board to initialize the Bluetooth connection
and send a status message to the LCD screen to inform the user that connection has been
established. For the final product, this action will be tied into the power button start-up.
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Figure 24: Code for Initializing the UART communication, sending single character and getting single
character

Figure 25: Code for sending character array
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Figure 26: Code to call UART functions and sending values

7.2.2.4 ADC Pseudocode (IS)
The ADC for this project will be used to determine how much charge the battery has in the form
of a percentage. By simply taking the voltage from the power supply, sending it to an ADC pin
on the PIC24 and then comparing the resulting value to the values in Table 3, a percentage can
easily be found. In the project’s finals state, this code is likely to only be run when the Kettlebell
is first powered on and after workouts are completed to avoid needlessly performing battery life
calculations, which could possibly interfere with workout monitoring if done simultaneously
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(due to delay requirements for ADC sampling). Figure 27 showcases some pseudocode that will
eventually be realized by the embedded software to monitor battery life.

Figure 27: Pseudocode for battery life sensing using ADC

7.2.3 Mobile Application Software Flowchart (IS)
The mobile application is the main user interface that will be used in conjunction with the smart
kettlebell. It will allow the user to start and end workouts, view workouts and connect to the
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smart kettlebell via Bluetooth. The mobile application will also communicate with a relational
database to allow the user to create accounts and also view their past workout statistics, such as
the exercises they performed, the calories they burned, the reps of the exercise and how many
sets they performed.
The mobile application will be built on Android Studios and programmed in Java; thus, it will
only be available for Android phones. In Android applications, there is a main thread which is
alternatively called the UI thread. As the name suggests, it’s the thread that handles the user’s
inputs and makes the application respond to these inputs. Because of this, it is vital that we do
not want to tie up this main thread with time consuming tasks, like fetching from the database or
waiting for a response from the kettlebell (Android). Thus, additional threads must be created to
handle certain processes. The number of threads we can have open simultaneously needs to be
researched further to ensure the application runs as smoothly and efficiently as possible.
Figure 9 shows the flowchart for the mobile application and Table 11 describes the input, output,
and functionality of each block.
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Figure 28: Mobile Application Flowchart
Table 11: Mobile Application Flowchart Functional Requirements

Module
Inputs
Outputs
Functionality

Initialization (RD, IS)
 Application Launch: The mobile application being opened
 Transition to Login: After initialization, the program will
transition to the user log in page.
This module simply initializes the application so that it is ready for the
user. This will include setting up the main UI thread and any
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background threads that may be developed, re-establishing an existing
Bluetooth connection, and establishing a connection to the database.
Account Creation (RD)
 User Input: The user will be able to select an option on the Login
page’s UI to create an account.
 User Data: The user’s inputted data: username, password, height,
age and weight.
This page of application obtains the user’s account credentials and
personal information. Input validation will be implemented to ensure
data integrity and thus integrity of the application.
Account Data Processing (IS)
 User Data: The user’s inputted data: username, password, height,
age and weight.
 Insert Queries: Two SQL queries that allows for a row to be
inserted in the respective tables.
This module takes the data that was submitted by the user during
account creation and sends it to the database. Two SQL INSERT
queries will be generated. One to the Login table inserting a new row
with the user’s username and password and one to the User_Info table
inserting a new row with the user’s height, weight and age
Database (IS)
 SQL INSERT Queries: Various number of INSERT queries to
insert workout data and user’s account details.
 SQL SEARCH Queries: Various number of search queries
where the application is trying to obtain user’s height, weight
and age or user’s username and password
 SQL JOIN Query: A join query issued when the user wants to
view their previous workouts.
 2D Arrays (SEARCH queries): 2D arrays that contains the
results of the SEARCH queries.
 2D Array (JOIN query): A 2D array that contains the results of
the JOIN query
The database stores data to be used for workout calculations, show
previous workouts, to validate user input and allow users to create
accounts. Various queries will be issued from the mobile application
that is specific to the user and their input. What is outputted and
obtained by the program is a 2D array that must be processed by mobile
application to obtain the data.
Login (IS)
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 User Validated Boolean: A true or false value that indicates
whether the user’s username and password exist in the database.
 Transition to Main Page: Signal the application to load the main
page of the mobile application.
 User Input: The user’s username and password they inputted into
the application.
This page of the mobile application allows the user to login into their
previously created account. If the account details are typed incorrectly,
the user will be prompted to try again.
Validate User (IS)
 User Input: The user’s username and password they inputted into
the application.
 2D Array (SEARCH Query): The result of the search query
 SEARCH Query: Search query that checks to see if the user’s
inputted username and password exist in the database.
 User Validated Boolean: A true or false value that indicates
whether the user’s username and password exist in the database.
This module confirms whether the user has created an account by
checking for a matching record in the Login table inside the database. It
sends out the search query to the database, processes the output and sets
a Boolean to true if the user exists and false if the user does not exist.
View Charts (IS)
 User Input: The user will be able to select an option to view
previous workouts in the Main Page’s UI.
 2D Array (JOIN Query): The result of the JOIN query from the
database
 SQL JOIN Query: SQL join query issued by the mobile
application to view a user’s past workouts
 Display Charts: Display a user’s previous workout data in the
form of charts and graphs.
This page of the mobile application will display the user’s past workouts
in the form of charts and graphs. It will display the calories burned, the
exercise performed, the sets and reps of the exercise and the time
duration. The JOIN query will join the Logs table and the Exercise table
to obtain the name of the workout used, and it will also join the Users
table and the Logs table to get the user’s name.
Configure Bluetooth (RD)
 User Input: The user will be able to select an option on the main
screen to configure the Bluetooth connection to the smart
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kettlebell. LCD screen will indicate when connection is
established
 Connection Request: A control signal from the mobile
application to the microcontroller to establish a connection.
This module will allow the user to establish a connection to the smart
kettlebell. This includes searching for a new Bluetooth device,
establishing a connection or to removing a connection.
Workout (RD)
 User Input: The user will be able to select an option on the main
screen to start a workout
 Formatted Byte String: Byte string containing the start or end
workout indicator as well as the desired reps and sets with
necessary special characters
This page is responsible for starting a workout. The user will be
prompted to select an exercise, the reps, and the sets. After this, a byte
string is sent to the Bluetooth module to be transmitted. The program is
then transitioned to an idle state, awaiting a signal from the smart
kettlebell indicating that the workout was complete.
Transmit Bluetooth Signal (RD)
 Formatted Byte String: Byte string containing number of reps,
sets and time duration with necessary special characters to
separate each value.
 Embedded Control Signal: Bluetooth signal that is sent to the
embedded system to start or end the workout.
This module simply transmits a control signal to the embedded system
indicating that the user requested to start or end a workout. The reps that
the user wishes to complete might also be sent.
Receive Bluetooth Signal (RD)
 Formatted Byte String: Byte string containing number of reps
and duration of the workout with necessary special characters to
separate each value.
 Workout Data: The number of reps the user completed and the
duration of the workout.
 Control Signal: Signal to the mobile application that the workout
is complete
This module simply transmits the workout data to the mobile
application.
Perform Calculations (RD)
 Formatted Byte String: Byte string containing number of reps,
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sets and time duration with necessary special characters to
separate each value.
 Mobile Data Signal: Bluetooth signal that is sent to the mobile
application.
This module simply transmits the workout data to the mobile
application.

7.2.3 Database Schema (IS)
The database that the mobile application will be using to store and obtain user data is a relational
database. Relational databases comprise of many tables where each contain data that is
associated with the table’s name. Each column of a table is known as an attribute of that table.
An attribute can be a number, character string or some other database platform defined variable.
Developers have further control over the data inserted into tables by setting certain constraints,
for example, asserting that an attribute cannot be inserted into the table if it is less than a
specified value (IBM 2019). However, the most important attribute for any relational database to
be well maintained is the “primary key” and “foreign key”. The primary key of a table forces all
rows of a table to be unique while a foreign key ensures that the attribute exists as a primary key
in another table. Note that there should only be one primary key per table but there can be
multiple foreign keys (IBM).
Here is an overall example for tables and attributes. A table named “login” would consist of data
that is used for logging into an account. Some attributes you would typically think of is a
username and password. However, a primary key is needed for each user so they can be uniquely
identified. The attributes username and password should both be defined as character strings and
not allowed to be left empty (constraint). The primary key is often defined as an id number.
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What makes relational databases so useful is that the tables can have common attributes
“related” together to form new tables. Often, tables are related to each other through their
primary and foreign keys. This is how the mobile application for the smart kettlebell will display
information that is relevant to a particular user. In Figure 30, the database schema that is used
can be observed. Note that the lines connecting attributes of different tables illustrate the
primary-foreign key relationship that the tables share.

Figure 29: Database Schema

8. Mechanical Sketch (PD & CR)
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Figure 30: Mechanical Sketch

9. Team Information (PD)
Table 12: Team Information

Team Names:
Patrick Davis
Ryan DeBoer
Cole Russell
Isaac Stecker

Role:
Project Leader
Engineering Data Manager
Hardware Manager
Software Manager

Major
Electrical Engineering
Computer Engineering
Electrical Engineering
Computer Engineering

10. Parts List (PD)
10.1 Accepted Technical Design Parts (PD)
The parts list that was created for the accepted technical design on the software and hardware
side is shown below. The parts that are displayed are the parts that were ordered for the fall 2021
semester and do not reflect the parts that will be ordered for the spring semester. Multiple
components were ordered to ensure that enough components were in to be used for the final
design as well as for subsystem demonstrations that took place in the fall semester.

Table 13: Accepted Technical Design Parts list
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10.2 Budget List (PD)
The budget shown below is reflective of components that have currently been ordered and
received for design team 08’s senior design project. It should be noted that this budget list does
not include the parts that will be ordered for the spring semester and the associated costs.

Table 14: Budget list
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11. Project Schedules (PD)
Figures 31 illustrate the final design Gantt chart for the current semester. Note that this time
doesn’t reflect time spent on the project in the spring 2020 semester.

Figure 31: Final Gantt Chart- Fall Semester
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12. Conclusions (PD)
The Smart Kettlebell system will allow a user to workout effectively and accurately know
how many good repetitions were completed, the duration of the workout, as well as the number
of calories burned throughout a workout. To date, preliminary calculations and research have
been conducted to provide a great foundation for the overall project. Research and testing of
sensors, user interface, and inductive charging was continued throughout the semester and
allowed for each subsystem to accurately demonstrate progress that will allow for
implementation into a complete system in the spring semester.
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